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Sir: 



In response to the Examiner's Answer mailed January 3, 2006, herewith is 
Appellant's Reply Brief. 

The Examiner still has not presented any evidence or adequate reason for maintaining 
the rejection under 35 U.S.C. § 112, first paragraph of claims 15-19 or for maintaining the 
rejection under 35 USC § 103. The Reply Brief is presented in response to the following new 
points of argument raised in the Examiner's Answer: 

1) In addressing the factors under In re Wands . 8 USPQ 2d 1400 (1988), as it 
relates to the rejection of claims 15-19 under 35 USC 1 12, first paragraph, applicants disagree 
with the characterization of the state of prior art on page 4, lines 4-8 of the Examiner's 
Answer, which reads: 

The state of the prior art: while the state of the art is relatively high with regard to 
the treatment of cancerous cell growth, the state of the art with regard to a single 
agent for treating cancer broadly is underdeveloped. In particular, there is no known 
anticancer agent, which is effective against cancer such as pancreatic, lung and colon, 
thyroid or bladder for that matter. 
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No evidence or publication has been cited to support these conclusions. In fact many 
anticancer agents are used for the treatment of more than one cancer. For example, paclitaxel 
is used to treat ovarian cancer, head and neck cancer, non-small cell lung cancer, small cell 
lung cancer, bladder cancer and advanced breast cancer. Vinorelbine has been given for the 
treatment of breast cancer, non-small cell lung cancer, ovarian cancer, and Hodgkin's disease. 
Cisplatin is given to treat testicular, bladder, lung, and ovarian cancers, head and neck cancer, 
cervical carcinoma and neurologic cancers. See 

http://www.nlm.nih.gov/medlineplus/druginformation.html . While an anticancer agent has 
not been approved for the treatment of pancreatic, lung and colon, thyroid or bladder, this 
bears no relevance as to whether claims 15-19 meet the requirements of 35 USC § 1 12. 

Applicants also submit the state of the art with respect to raf kinase inhibitors is more 
relevant to the issues under 35 USC § 1 12, some of which is discussed in the specification 
and the references of record. 

By the early 1990s the raf oncogene had been discovered, its role in oncogenesis had 
been elucidated and the role of raf in the ras-raf signaling cascade had been determined. See 
Reference of record, Avruch et al. "Raf meets Ras: completing the framework of a signal 
transduction pathway, TIBS 19; July 1994; pp 279-281. 

Storm, S. M.; Brennscheidt, U.; Sithanandam, G.; Rapp, U. R., raf oncogenes in 
carcinogenesis. Critical reviews in oncogenesis 1990, 2, (1), 1-8, reports that there is a role of 
raf oncogenes in human tumors, e.g., various leukemias, larynx carcinoma, breast carcinoma, 
lung carcinoma, and renal cell carcinoma. 

This led to disclosures of antisense approaches to inhibition of raf signaling. See 
Reference of record, Monia, B. P.; Johnston, J. F.; Geiger, T.; Muller, M.; Fabbro, D., 
Antitumor activity of a phosphorothioate antisense oligodeoxynucleotide targeted against C- 
raf kinase. Nature Medicine 1996, 2, (6), 668-675. 

Naumann, U. H., Angelika; Flory, Egbert; Rapp, Ulf R., Raf protein serine/threonine 
kinases. Protein Phosphorylation 1996, 203-236, teach that there are various lines of evidence 
pointing to a role of raf in malignant transformation, and teaches that transforming versions 
of c-raf-1 have been detected in fibroblasts following transfection with DNA from various 
tumor cells including a human glioblastoma cell line, primary stomach cancer cells, 
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chemically induced rat hepatocarcinoma cells, cells derived from renal and breast carcinoma 
as well as lung carcinoid. 

This work was followed by approaches dependent on inhibition of raf signaling and 
by the mid-late 1990's a number of research groups disclosed assays for measuring the ability 
of compounds to inhibit raf activity. See for example: 

Heimbrook, D. C; Oliff, A. I.; Stirdivant, S. M. Preparation of imidazole derivatives 
and imidazole-contg. peptide analogs and a method of treating cancer. WO 199736587, 
19970331, 1997; 

Naumann, U.; Eisenmann-Tappe, L; Rapp, U. R., The role of Raf kinases in 
development and growth of tumors. Recent Results in Cancer Research 1997 r , 143, (Risk and 
Progression Factors in Carcinogenesis), 237-244; and 

Alessi, D. R. C, Philip; Ashworth, Alan; Cowley, Sally; Leevers, Sally J.; Marshall, 
Christopher J. , Assay and expression of mitogen- activated protein kinase, MAP kinase 
kinase, and Raf Methods in Enzymology 1995, 255, 279-90. 

Therefore, at the time of applicant's invention, assaying for raf inhibition was an 
accepted means of identifying active compounds and raf inhibition was correlated with 
treating various forms of cancer. 

2) The Examiner's Answer alleges on page 7 that simply IC50 data is provided 
and that applicants did not provide an "explanation that would suggest as to how these data 
are related to the treatment of various cancers." Applicants' assay and the data obtained are 
consistent with the assays and results others in the art used to identify compounds for treating 
cancers mediated by raf kinase. See, e.g., WO 97/36587. The data are clearly adequate to 
enable one of ordinary skill in the art to perform the claimed methods. 

3) Applicants also disagree with the Examiner's characterization of another 
Wands factor, the predictability or lack thereof in the art. The Examiner's Answer does not 
address the predictability in the art but instead focuses on whether practicing the claimed 
invention is "unpredictable," see page 4, lines 9-12. Some of the prior art references 
mentioned above teach or suggest the use of raf kinase inhibitors in treating various cancers 
is predictable. For example, Monia, reference of record, states within the abstract: 
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"Oligodeoxynucleotide treatment resulted in potent antiproliferative effects in cell 
culture and potent anti-tumor effects in vivo against a variety of tumor types that were highly 
consistent with an antisense mechanism of action for these compounds. These strongly 
suggest that antisense inhibitors targeted against c-raf-1 kinase may be of considerable value 
as antineoplastic agents that display activity against a wide spectrum of tumor types ." 
(Emphasis added.) 

WO 98/22103, reference of record, cites six references on pages 1 and 2 which are 
said to provide "evidence that inhibitors of raf will result in anti-tumor activity," and taken 
together these references indicate that: 

"raf is both a direct and major effector of ras function and as such inhibition of the 
kinase activity of raf is expected to have antitumour activity in at least a proportion of human 
tumors . Specific cancers of interest include: 

carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, ovary, 
pancreas, stomach, cervix, thyroid, and skin; 

hematopoietic tumors of lymphoid lineage, including lymphocytic leukemia, B-cell 
lymphoma, and Burketts lymphoma; 

hematopoietic tumors of myeloid lineage including acute and chronic myelogenous 
leukemias and promyelocyte leukemia; 

tumors of mesenchymal origin, including fibersarcoma and rhabdomya sarcoma; and 
other tumors, including melanoma, seminoma, tetratocarcinoma; neuroblastoma and glioma." 
(Emphasis added.) 

WO 97/36587 states on page 1, "Since inhibition of growth in soft agar is highly 
predictive of tumor responsiveness in whole animals, these studies suggest that the 
antagonism of Raf is an effective means by which to treat cancers in which Raf plays a role. 

Examples of cancers where Raf is implicated through over expression include cancers 
of the brain, genitourinary tract, lymphatic system, stomach, larynx, and lung." 

Based on the above teachings, effective treatment of cancers, where Raf plays a role, 
with a raf kinase inhibitor, is predictable. 

4) Applicants disagree with the Examiner's statement on page 4, lines 13-15, 
that, "The guidance given by the specification as to how to treat the solid tumor is limited [to] 
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the discussion of the literature only." and on page 5, lines 6-8, that, "Applicants have failed 
to provide guidance and information to allow the skilled worker to ascertain which particular 
type of cancer the claimed anticancer agent is effective against." As discussed in greater 
detail in the Appeal brief, the specification provides guidance as to dosages (pages 17-18, 
and 75-76), methods of administration (pages 13 to 18), activity (page 74) and cancers to be 
treated (page 2). Guidance given by the specification is not limited to a discussion of the 
literature. 

5) The Examiner is requiring that the application meet clinical standards as set by 

the FDA to satisfy the enablement requirement under 35 U.S.C. § 112, first paragraph, which 

is inconsistent with prevailing Federal Circuit case law. For example, in addressing the 

issues under 35 U.S.C. § 112, first paragraph, the Examiner's Answer states on page 4, lines 

9-12, "The lack of significant guidance from the specification or prior art [SIC] with regard to 

the actual treatment [of] solid cancers in [a] human subject with the claimed compounds 

makes practicing the claimed invention unpredictable, " and at the bottom of page 4 to line 2 

of page 5, the Examiner's Answer states, "There is not a single example provided which can 

point out to the treatment of the solid tumor." 

The actual treatment of solid cancers with the claimed compounds is not necessary to 

satisfy the enablement requirement of 35 USC 1 112, first paragraph. In Cross et al. v. 

Iizuka et al. 9 224 USPQ 739 (CA FC 1985), where the opinion focused more on practical 

utility, but also held that enablement was met, stated that 

in vitro results with respect to the particular pharmacological 
activity are generally predictive of in vivo test results, i.e., there 
is a reasonable correlation therebetween. Were this not so, the 
testing procedures of the pharmaceutical industry would not be 
as they are. Iizuka has not urged, and rightly so, that there is an 
invariable exact correlation between in vitro test results and in 
vivo test results. Rather, Iizuka's position is that successful in 
vitro testing for a particular pharmacological activity 
establishes a significant probability that in vivo testing for this 
particular pharmacological activity will be successful. 
The court further held that it finds itself 

in agrement with the Board that, based upon the relevant 
evidence as a whole, there is a reasonable correlation between 
the disclosed in vitro utility and an in vivo activity, and 
therefore a rigorous correlation is not necessary where the 
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disclosure of pharmacological activity is reasonable based upon 
the probative evidence. 

6) The Examiner's Answer also alleges on page 6 that many times in vitro 
studies can hardly be extrapolated to the in vivo studies. This is merely a bare allegation 
without a single example, and especially no example relevant to the present invention. From 
the foregoing discussion in section 1), it is clear to one of ordinary skill in the art that at the 
time of the invention an in vitro showing of raf activity in vitro is correlated with the 
treatment of various cancers. 

Applicants in the present case have demonstrated that the compounds of the invention 
possess the relevant in vitro activity, see page 74 of specification and provided guidance as to 
how to use this knowledge in the treatment of various kinds of cancers. In view of the 
foregoing, applicants provided an enabling disclosure. 

For the convenience of the Examiner and Board, some the references discussed are 
attached. 

With respect to other issues raised in the Examiner's Answer, e.g., section 103 issues, 
applicants stand by their statements in the Appeal Brief. 
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The Commissioner is hereby authorized to charge any fees associated with this 
response or credit any overpayment to Deposit Account No. 13-3402. 



MILLEN, WHITE, ZELANO & 

BRANIGAN, P.C. 
Arlington Courthouse Plaza 1, Suite 1400 
2200 Clarendon Boulevard 
Arlington, Virginia 22201 
Telephone: (703) 243-6333 
Facsimile: (703)243-6410 

Attorney Docket No . : Bayer-6-Pl 

Date: March 3, 2006 

{RJT/CH} K:\Bayer\6 P1\reply brief.doc 



I hereby certify that this correspondence is being deposited with the U.S. 
Postal Services as First Class Mail in an envelope addressed to: 
Commissioner of Patents, P.O. Box 1450, Alexandria, VA 22313-1450, 
on: March 3, 2006 // / 




Respectfully submitted, 



Richai£^Traverso~ Reg. No. 30,595 
Csaba Henter, Reg. No. 50,908 
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.4, Ceils in each well are lysed in ], ml o\ 1% (w/v) SOS. mmsforred to 
a 15-ml round-bottomed polypropylene snap-cap tube (Falcon., Oxnard. 
CA), the wells' washed with 05 ml of FBSA, and the wash combined -with 
the SDSceU lysate. .Two milliners of ice-cole! 15% (w/v) trichloroacetic add 
(TCA.) is added 10 each tube, the contents vortexed. and macromolecules 
precipitated by mcubauon an ice for 10 min. The precipitate from each 
tube is collected on a glass nucrofiher GF/C filter (Whatman) by vacuum 
titration using a Whatman membrane filter holder apparatus "(Miliipore 
Corporation), washed with 20 ml of ice-cold 5% (w/v) TCA followed by 5 
mi of eihanol and the filters dried and counted for Hi in 10 ml- of scintillant 
(Emuisifier-safe; Packard, Downers Grove, IIA 



|29j Assay and Expression of Mi togen- Activated Protein 
Kinase, MAP Kinase Kinase, and Raf 

By Dario R. A u^$i v Philip Cohen,. Alan Ash-worth* Sally Cowley., 
Sally J.. Lebvlrs, and CKRisrorn br J- Marshall 

introduction 

Raf protein kinase; mitogen -a cava ted protein (MAP) kinase kinase 
(MAPKK), and MAP kinase (MAP K) lie direct iy downstream of p2J tyS in 
a signal transduction pathway that is activated by growth factors and plays 
a crucial role in cell proliferation and differentiation, The role of p2l. ws is 
to recruit Raf to the plasma membrane, 1,3 whei-e it is activated by an as 
yet unidentified mechanism. Raf activates MAPKK by phospborylnting it 
at .Ser-2.1,7 and Ser~221 3 and MAPKK then activates MA PK by phospbory- 
latingThr-183 and Tyr-185," 1 In this- chapter we describe procedures for the 
assay, expression., and purification of these dime fcmases. 

\ S, L Lefcvcr^ H. F. f a&eison, and G. J. Marshal], tenure {Umd&n) 36$. 4U <1.9$4). 
• " IX $k&£&. $. G* MaatoiiaSd. C&dwaJl&der, M« SVfitoiiS. and X. F. Hdnsosfc* Science 

1 D. It Akssi, Y. Saito, D. G, C^mpbdl, 1*« Cohen, CL Shlinnandam, U. Xnjtp. A. Ashworth, 
{ C. L Marshall, urn! S. Cfcwlcy, jgftf$# 15, !<5U> 

*D. M. t'avnt. A, L Rassoinmitio, P. Mnrtmo,. A. K, Briks&tL 1, H„ Her, J. Sli^bfirtowtu, 
O. 1^ Hum. ,M. L Webar, and 7*. W. Siur&iU "bMB-O J. .10, 885 (19.91), 

- ■ 

Cwyn^H O 1 by Ac.f&sii* Press;, bs& 
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okadaic acid m a phosphatase inhibitor from several other commercial 
sources is poor. Sodium orthovanadate k dissolved in water, adjusted to 
* pl-r 10, and beared for 10 win m 100°. The pH is readjusted 10 10 and 
this cycle repeated once more before dilution with water to give a final 
concern ration of 0.1 M, This procedure deporymemes the vanadate, con* 
verting it into a more potent inhibitor of protein tyrosine phosphatases.* ' 
The 20-residue peptide TTYA DFt A SG RTG R RN A 1 1 1 D (PKI.) S a specific 
inhibitor of cyclic AMP -dependent protein kinase, can either be synthesized 
or purchased from Sigma. 

Procedure 

Reactions are carried out tn 1.5-ml plastic microcentrifuge tubes. MAPK 
diluted in ice-cold buffer B containing bovine serum albumin (1 mg/ml) (5 
t uf) is incubated for 3 min at 3(T with 35 /jJ of 36 mM Tris-HG (pH 7.0 t 
20 s ) ; OA mM EGTA, and MBP (0,47 mg/ml) and die reactions initiated 
by the addition, of 10 mJ of 50 mM magnesium acetate-CIS mM |7- X 'PJ ATP 
(—200,000 cpm/nmoi). After 10 min at 30 s the reaction is terminated by 
pipetting 40 /d of the assay mixture onto a 2 X 2 cm square of pbosphoceilu- 
lose paper (PS I; Whatman, Clifton, N.J) that binds MBP but not ATP, and 
immersing the paper in a beaker containing 0-5% phosphoric acid (5 ml/ 
paper). After washing the papers five times with phosphoric acid to remove 
ATP (l mln for each wash)* followed by one wash in acetone to remove 
phosphoric acid, the PSl papers are dried with a hair drier and inserted 
into L5-rnl plastic microcentrifuge tubes. One milliliter of scimillam is 
added and the tubes are analysed for 35 P radioactivity. Control incubations 
are carried out in which MAPK is replaced by dilution buffer, and this 
value is subtracted from the value obtained in die presence of MAPK. 
MAPK activities are linear with time up to an activity of 6 U/mi in the 
assay, and the kinase concentration is therefore kept: below this value. 

Activity M.ensurmimis of MAP K in Tissue Extracts 

It is not possible to measure MAPK activity accurately in most cell 
I y sates by the phosphorylation Of MBP, because the presence of other 
kinases that pbosphorylate this- protein usually interferes with, the assays. 
Only in PC 12 (rat adrenal plieochroniocytorna) cells, which contain particu- 
larly high levels of MAPK, are the p42 and p44 isoforms of MA PK the 
dominant MBP kinases after growth factor stimulation. In unstimul&ied 
PCI 2 cells p42 MAPK and p44 MAPK are inactive, and activity is therefore 

J. Gordon shis secies, Vol. 201. p, £71. 



' Buffers 

Buffer A: 50 n\M Tris-HCl (pH 7.5. 2(f) 0.1% (by volume) l-mere&ptoetiK 
ano! ; 0.2 mM phenylmetbvlsulfonyl fluoride (PMSF). 0,1 mM tosyl 
phenyl chloromethyi ketone, and J mM benzamidine 

Buffer B: 2D mM Tris/acetaie (pH 15 20 s1 ), 0.27 M. sucrose, 1 miW" 
BDTA, 1 mM EGTA, 1 mM sodium orthovanadate, 10 mM. sodium 
/^glycerophosphate, 50 mM sodium fluoride. 5 mM sodium pyrophos- 
phate, 1% (by mass) Triton X-100, 0.1% (by volume) 2-rae.rcapioeth.a« 
nol, l mM benzaniidine, 0.2 mM PMSF, and leupcpiin (5 fig/ml) 

Buffer C: 50 mM Tri^HCl (pH 7.5, 20% 0.03% (by mam) Brij 35, 0.1 
mM EGTA, and 0.1% (by volume) 2-mercapioethaiioI 

Buffer D: 50 mM Tris-HCf (pH 15), 0.03<& (by mm) Brij 35, 0.1 
EGTA, 0.1% (by volume) 2~mercaptoethano'l; 0.66 jttM okadaic acid 
(to inhibit protein phosphatases 1 and 2A ). 0-27 rixM sodiuni orihovana* 
dale (to inhibit protein tyrosine phosphatases), 1.3-3 mM. magnesium 
acetate, and 0.33 mM ATP. 

Buffers A to D are stored in the absence of ' 2-mcrcaptoethario! and. 
proteinase inhibitory which are added from concentrated stocks immedi- 
ately before use, Benzamidine and leupeptin are stored at —?JT in water 
and phenylmcthylsulfbnyl fluoride is dissolved in ethano! just before use, 

Memuretmm of Protein Concentration* Protein concentration is deter- 
mined by the method of Bradford, 5 using bovine serum albumin as the 
standard. 



A$*ay of MAPK 

Principle and Definition of Unit. MAPK is assayed by its ability to 
phosphorylate myelin basic protein (MBP). One umx of activity is thru 
amount of enzyme that incorporates 1 nmoi of phosphate into MBP ixi 1 
niin. The MAPK concentration in units per milliliter (07ml) is calculated 
using the formula 25 C7J>/5\ where C is the n ? radioactivity incorporated 
into MBP (cpm), D is the fold dilution of the M APK solution before assay, 
and S is the specific radioactivity of the ATP (cpin/nmol). 

Reagents* All reagents are kept at 0-4° unless stated otherwise. Myelin 
basic protein is purchased from GiBCO-BRL (Gaithersburg, MB), dis- 
solved in water to give a 3.3-mg/ml solution, and stored in aliquots at —20°. 
We recommend thai MBP and okadaic acid be purchased from G I B CO- 
BRL. OIBCO-BRL MBP gives at least five-fold higher activity than the 
Sigma (St. Louis* MO) product in the MAPK assay, and the potency of 



* M, M. Bradford, AnztL Biatfnwu 72. 24$ (1.976), 



Akm^nvc Assays for MAFK 

The activation of MAPK by growth factors has also been assessed in 
cell extracts by several other' procedures. These are useful, but: have the 
limitations- and potential danger "described below. 

Decreased Etearoph&r&ic Mobility, The phosphorylation of MAPK by 
MAPKK is accompanied by a decrease in its eleetrophorenc mobility on 
sodium dodeeyl sulfate (SDS}~p0iyacryianiide gels and this can be detected 
m cell extracts by immunoblottlng with suitable onti-MAPK antibodies, 
litis- assay has been widely used to detect activation., but is only semiquami- 
tiiiive and unsuitable for detecting low levels of activation of M APK. Reli- 
able separation of the phospborylafced and dephosphoryiated forms of 
MAPK requires 20~cfn-long gels. containing a final concentration, of 10% 
, (w/v) acryl am ida~OJJ56% (w/y) bisacrylamide, 8 There is also the potential 
danger that the elcctrophoretic mobility may be decreased by phosphoryla- 
tion at sites other than those labeled by MAPKK, rendering the assay 
invalid. This is a particular concern when the activation of MAPK Is being 
studied using .'a stimulus whose ©Elects on MAPK phosphorylation have 
never been analyzed in molecular detail {e.g., heat shock). Care is also 
needed because- singly phosphorytated MAPK. runs in almost the same 
position as the diphosphorylated form. 

Immunobiatiing wiih Anti-fitasphmyrosine Anlilmdies. The activation 
of MAPK is accompanied by the phosphorylation of a tyrosine residue, 
which can.be detected by immunoblot ting with a suitable a n i i- p h osph o I y ro- 
sine antibody. Like the previous method, tins assay is semiquantitative and 
unsuitable for detecting low levels of MAPK activation. A potential danger 
is that mammalian cells contain other M APK homology winch are compo- 
nents of distinct signaling pathways, and are similar in size to p42 MAPK 
and p44 MAPK. mn These homologs are also activated by a dual threonine/ 
tyrosine phosphorylation mechanism in response to stimuli reported to 
activate p42 MAPK and p44 MAPK in some cells. A. further potential 
hazard stems from the requirement of threonine 'phosphoryl a tion. as well 
as tyrosine phosphorylation., for activity. Tyrosine-phosphorylated MAPK 
may sometimes, be inactive if the threonine residue is dephosphoryiaied 
preferentially. 

"in GzV ' Kimm Assay. In the in^el assay, which is described elsewhere 
in this volume, 12 MAPK is denatured by dissolving cell extracts in $DS> 

JI? J. M, Kyrfal:is 4 P, Bm&q^ £, Kite0tfifca.fci t T. Pai, '£. A/ftubic M> r. Ahmad, J. Avmch, 

and I R. \V<^<%ett, tfrntire (Lati*ktn}3f,% IM (1994), 
11 J, Rou$fc ? £*« Cofecn,.^, Trigon. M. Moi-aatgc, A, A. U&ntassaj^ \'X Zzn&nitto* T, Hum, and 

A. Nebreda, €%fl (Czmhrhge, 78. J 027 Cl»j). 

n C. L MursJi&ll and S, J. Leev^rs. this volume |26], 



measured by subtracting the MRP kinase activity in lysates from ansiimu* 
lat&d cells from that measured in lysates of growth factor-stimulated 
cells. 7 

In other cell extracts MAPK is' measured after Immunopfecipit&tion of 
Che p42 and/or p44 isofornis of MAPK. from the lysates with nonhihibiiory 
antibodies We routinely use an antiserum raised against the C- terminal 
peptide of p-12 MAPK (EETA.RFQPGYRS), which immunoprecipitates 
p42 MAPK specifically. 6 Cell lysate (5 to 30 fi\), prepared as described 
below, is incubated for 90 mia at 4 W on a shaking platform with 5 pd of 
protein A-Sepharose conjugated to 1-2 p& of p42 MAPK antiserum. The 
suspension is ceatriitiged for 1 mm at 14,000 the supernatant discarded, 
and the imirmnopreeipitate washed twice with. 1.0 ml of buffer B containing 
0.3 A/ Nad, twice with 1 .0 nil of buffer C and then assayed for MBP kinase 
activity as described above. It is important to check: that immoooprecipifa- 
lion is essentially quantitative by demonstrating that no farther MBP kinase 
activity can be ininninopreeipitated from she supexnattmt obtained from 
the first immu.nopredpita.iion. 

MAPK is dephospborylaied and inactivated by protein phosphatases 
present in cell extracts. 9 Trie lysis buffer (buffer B) therefore contains 
fluoride, pyrophosphate, and ^-glycerophosphate lo inhibit protein serine/ 
threonine phosphatases (principally protein phosphatase 2A) and orthovan- 
adiue to inhibit protein, tyrosine phosphatases, it also contains EDTA and 
ECTA to chelate Mg 2 " and'Ca 2 *, respectively. and so inhibit MAPKLK and 
divalent cation-dependent proteinases and phosphatases. Ceils are lysed in 
iee-coid buffer 8, centrifeged for 5 mln at 14 a 0Q0g (4°), and the supernatant 
decanted. p42 MAPK is then irnmunopreciphn I ed and assayed for MBP 
.kinase activity as described above, except thai the reaction is carried out 
on a shaking platform at 3(f to keep the immunoprecipitated MAPK/ 
protein A-Sepharose complex in suspension. IT the reactions are not shaken, 
the measured activities are reduced considerably. 

Lysines containiag 0.5-2 nig of protein per milliliter can be stored at 
-SO 5 " for at least 1 mouth with no loss of activity if frozen in liquid nitrogen 
immediately after cell lysis. Frozen lysases are thawed only once. The assay 
of MAPK in cell extracts or iinmtmopredpj tales also contains okadaic acid 
(I yuM) and sodium orthovanadate (0.1 mh4) to inhibit protein phospha- 
tases, and PKJ (.1 uM) i$ included to inactivate cyclic AMP<iependent 
proiein kinase, which phosphoryiaies MBP efficiently. 

* N. Gome?.. N. K- Tbttks, C. Morrison, T. Han»jtr. m$ P. Cohm, FEBS Uii, 271. Y\<J (1990). 

* S. J, Lewsrs md C JL Massif EMBO L 11, m (11*92). 

f D. R. AtessL N, Gome?.. G, MooriiCiui* T. Lcwi^'M,S. Kcvsc. and P. Colie::. Cnrr. BioL 
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MBP. The MAPK is renniiired and MBP phosphorylation- initiated by 
incubating the gel with Mgfy^PjATP. After washing to remove. ATP, the 
position of ^P-labded MBP is located by autoradiography. 13 This assay 
assumes thai no other MBP kinases com ignite with p42 or p44 MAPK and 
th.il the extent of renaiunuion of MAPK is uniform throughout the gel. 
The method is rather insensitive, because the extent of renaturation is low } 
and ii is also expensive because of the large amounts of MBP and 
( 7 -3sp]A*rP that are used. 



Assay of MAP Kinase Kinase Activity 

Principle and Definition of Unit. MAPKK is assayed by its ability to 
activate MAPK, which is then assayed by the phosphorylation of MBP. 
The assay is therefore carried qui in two stages. In the First step MAPKK 
is incubated with inactive p42 MAPK and MgAITP, and in the second, the 
extent of activation of p42 MAPK is measured by enzyme assay* One unit 
of activity is that amount of enzyme that increases the activity of MAPK 
by I Urmim 

Rcxgwts. The reagents are the same as those used in the assay of 
MAPK, except that an inactive glutathione transferase {G$T)-~MAPK 
fusion protein U ;d so required, the purification of which is described below. 
This fusion protein is activated by MAPKK with high efficiency and cleav- 
age of GST from the fusion protein is unnecessary. OJuraihione-Sepharose 
is purchased from Pharmacia (Pisauaway, NJ). 

Pr&cMiure, Reactions are carried our in L5-mJ plastic microcentrifuge 
tubes and MAPKK is diluted in ice cold buffer B containing bovine serurn 
albumin (1 rug/ml). Fifteen microliters of buffer D containing 133 ftM . 
inactive GST-MA PK is incubated for 3 min at 30° and the reaction is 
initiated with 5 fd. of MAPKK. After 30 min ai 3(F the activation of GST- 
M APK is terminated, and the M APK assay initiated, by adding 2 f*\ Of the 
reaction mixture to 4S fd of 25 mM Tris/WCI (pH 7Xh 2<TC), 0.1 mM 
SOT A. MBP (033 mg/ml). 10 mM magnesium acetate, and 0.1 mM 
fy- 3 ~P)ATP (~2O0 5 OOQ epm/nmol), After incubation for 1.0 min at 30 s , the 
incorporation of phosphate into MBP is determined as described for the 
assay of MAPK. A control incubation is earned out in parallel in which 
GST-M APK is omitted from the first pad of the assay and this reaction 
blank is sub traded from the value obtained in the presence of GST-MAPK. 
The aciivittion of GST- MAPK is linear with time up to 6 U of MAPKK 

u ' V. Qoloh. E. N5sli«Ja,T. YmtKiShiut. M Mc«&i,M. Krtwjikatiii* and il $akat f Bur, J. fiiwciwrn* 
\9X €£l (}900). 
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Measurement of MAPKK in Cell Extracts* MAPKK ca« be measured 
in lysates pr&pnmd from virtually all growth facior-stimuhued calls without 
the need for immunopredpitaiion. Like MAPK, MAPKK is dephospborv- 
fated and inactivated by protein phosphatases (predominantly protein 
phosphatase 2.A end to a lesser extent protein phosphatase 2Cf and' sim- 
ilar precautions are therefore needed for its assay in cell extracts. Cells 
are lysed, c^ocrifuged, and stored in the same phosphatase inhibitor-con* 
taining soluiion (buffer B) thai - is used to assay MAPK in extracts. In 
addition, c&adsic acid (0.5 and vanadate (0.2 mM} are included at 
both steps of the MAPKK assay, and PKX (1 pM) is included in the second 
Step. 

If the activity of MAPKK in cell extracts ts low, the assay can be made 
more sensitive in the following way. After the firss. stage of the reaction, 
the activation of GST-M APK is terminated by adding a 20-/&I suspension 
of buffer B containing 5 pJ ofgiutathione-Sepharose and 20 mM EDI' A. pH 
7 .0. After incubation for 15 min at 4° on a shaking platform, the suspension is 
cenirifuged for 1 min. at 1.4 .000 g. the supernatant is discarded, and the 
pellet containing GST-MAPK (attached to glutathione-Sepharose) is 
washed twice with 1.0 ml of buffer B containing 0,5 M HaCl and twice with 
1,0 ml of buffer C. It is then assayed for MBP kinase activity as described 
above, except that 20 x\\M glutathione (pH 75, 20°) is included in the 
MBP kinase assay to dissociate p42 MAPK from the giauuhione-Sepharose 
beads. This modified procedure ehniinates all interfering MBP kinase activ- 
ity present in the extracts, making it possible so detect low MAPKK activity 
in a cell jysate, 

Assay of Raf in Cell Extracts 

Principle and Dcpmiioti of Unit. Rafis assayed by its ability io activate 
MAPKK, which k then assayed by the activation of MAPK. The assay is 
performed in two stages, In the first step Raf is incubated with inactive 
MAPKK, inactive MAPK, and MgATP, in the second, the extent of activa- 
tion of MAPK is measured by enzyme assay. One unit of activity is thai 
amount of enzyme that increases the activity of MAPK by 1 U/mitL 

Rmgmt$ t The reagents are the same as those required for the assay of 
MAPKK, except that an inactive G$T-MAPKK.l fusion protein is also 
needed, the expression and purification of which is described below. This 
fusion protein is activated efficiently by Raf^ and cleavage of GST from 
the fusion protein is unnecessary; Cells are lysed and prepared fori he assay 
exactly as described for MAPK and MAPKK.. 



Procedure, Rat: cannot be assayed m extracts trom ceils expressing 
normal levels of this kinase. This is because activated MAPKK ; activated 
MAPK t and oilier MB P kinase* in the f ysates interfere with die assay, and 
in addition other MAPKK activators (such as MEK kinase and Mos) u 
rnay also be present. For these reasons Raf can be assayed only after 
immunoprecipiiation from, extracts, To assay the iso.form p74 mf ' 1 we use a 
polyclonal antibody raised in sheep against the C- terminal peptide 
(CTLTTSPRLPVF) affinity purified on a pepUde~Affi-Gel 15 column. 15 
Cell lysate (5-100 fri) is added to 5 /J of protein C-SepJiarose conjugated 
to 0.5-1,0 of affinity-purified p?4^ r and incubated for 60 min at 4 & on 
a sh.ak.iitg platform. The suspension. 15: centrifuged for i min at 14,000 g, 
the supernatant discarded, and the iummnopredpitate washed twice with 
1.0 ml of buffer B containing 0.5 M NaCL twice with .1.0 oil of buffer C\ 
and then assayed as described below, fn some celts overexp ressing Raf we 
have found thai it: is sometimes advantageous to add 20 niM «~ociylglucoside 
to both the eel! lysis buffer and the buffers used to wash the immunoprccipi- 
tatesJ 

Fi.ft.een microliters of buffer D containing 0.27 /xM G$T~MAPKK1 and 
1 33 jiM GST-MAP K is added to 5 ft! of p74 l5 * M immunoprecipjiaifc and, 
niter incubation for 30 min at 30* on a shaking platform, a aliquot is 
added to 48 >xl of 23 mM Tris-HQ (pH 7.0. 2&) 7 0.1 mM EGTA. MBP, 
(0,33 mg/ml), 10 mM magnesium acetate, 0J. mM [y^PjATP (200,000 
cpm/iimol). After incubation for 10 min at SO*, the incorporation of phos- 
phate into MBP is determine as. described for the assay of MAP.K. Two 
control incubations are carried out in parallel, in winch either GST- 
MAPKK1 or the p74^ Ai i m m un opi ecipi ta 1 e is replaced by buffer C and 
i hese reaction blanks are subtracted from the value obtained in the presence 
of GST-M A PR Kl. and p74 1 ^ i . 

Because the rim step of the assay contains both MAPKK and MAPK it 
is not linear with respect to time,, the rate of activation of MAPK increasing 
progressively as more MAPKK is activated by Rat Nevertheless, the activa- 
tion of GST— MA PKK1 after 30 mm is directly proportional to the amount 
of Raf added to the assay up to 2 U/ml, and this concern ration of Raf is 
not exceeded, This assay is extremely sensitive because 2 U/ml corresponds 
to only a 1.0% conversion of MAPK.K1 to its activated form- and concentra- 
tions of even O.j. Unnl can be quantified accurately. 3 

This assay can be used without modification to measure oilier MAPKK 
activators in ceil extracts such as Mos, MEK kinase, and isoforms of Raf 
following their immnnoprectpitaiion with suitable antibodies. We haw also 

M K. J. Bhmaer and G, Johnson Twff Bi&ditm, S'ci., H9 7 236 {1994), 
!i A- Himta, E. Kemp, nmi p. Cohen, Eur, I ffioclwn, H,\ 253 QMl}, 
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used ibis assay ro measure p74^ 4 activity m lysines from Sf9 (Spodopiera 
fru0pcrdn\ fall annyworm ovary) inseci ceils in which p14^"' lias been 
activated by coexpression. with v-Ras and the protein tyrosine kinase Lck/ 
Owing to the Mgh level of expression and activity of p?4 mA in ly$Mm 
derived from these ceils no im m on opredph avion is required, and the sensa- 
tlvay of i he assay is such thai the extract must be assayed at a final dilution 
of-SOXXM-fokL 

Assay of Total MAP Kinase Kinase Kinase Activity in Cell Extracts. 

We have modified the assay for Raf to measure the tota* MAP kinase 
kinase kinase (MAPKKJC) activity in a cell iysate. Cell extracts are diluted 
In buffer B containing I mg of bovine serum albumin per milliliter and an 
aliquot (5 pd) Is incubated with IS pi of buffer D containing 0.2? /xM GST- 
MAPKKl. After 30 min at 30* the activation of GST-MAPK.K1 is stopped 
by addition of a suspension of buffer 8 containing 5 p\ of glutathione- 
Sephsrose and 20 mM. EOT A, pH 7.0. After incubation for IS min at 4° 
on a shaking platform, ihe suspension & Gen trifuged. fori min m 3 4,000 g* the 
supernatant discarded, and the GST— MAPKKJ (attached to glutathione- 
Sepharose) washed twice with IX) ml of buffer B containing 0.5 M NaCJ 
and twice wit.li 1.0 ml. of buffer C. MAPKK activity is then, assayed as 
described above, exempt thai 20 mM glutathione (pH 7.5, 2(f) \% included 
in the Jim step of the MAPKK assay to dissociate GST-MAPK'Kl from 
glutathione-Sepharose, Control incubations are carried our m which. -either 
MAPKKl or cell iysaie is omitted, and these (extremely Sow) values are 
subtracted from those obtained in the presence of MAPKKl and cell ex- 
tract. 'Hits procedure eliminates interference from tbe MAPKK, MAPK, 
and other MBP kinases pre^em in cell lys&tes. making it possible to measure 
accurately even a small activation of the added GST— MAPKK1. 

Pitfalls in Assay of Raf 

Raf is highly specific and, apart from MAPKK, no substrates have 
been found that: are pbosphorylated at significant rates,* 5 However, until 
MAPKK was identified as the physiological substrate in 1992, Raf was 
assayed using a variety of substrates that are now known to be phosphory- 
lated poorly by Raf or not a.t all. 16 The activities being measured in Raf 
imrnunoprecipi rates were therefore probably Other growth factor-stimu- 
lated kinases present as trace contaminants, because it has been known for 

l5 T, Force, )« V, Bonvemre, G, Hsidesfcer. Rapp. J, Aviueh. and J, M Kyr.rtkri$, jPr&c, 
Natl Ac* A S-cL US. A. 91. 3270 (1994), 
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many years that even essentially homogeneous proteins are frequently 
contanximiied uilh traces of the protein kinases that phosphoryl&ic ihera. 
However, even now. Raf is frequently assayed in immmiopraeipitaies not. 
by the activation or MAPKK. but by the phosphorylation of MAPKK 
or Raf itself. These assays are hazardous, because MAPKK and Raf are 
substrates .for many -protein kinases, such as MAPK. 1? which, may he ex- 
tremely active. For example, the level of phosphorylation in vivo of the 
residues on. MAPKK! phosphorated by Raf (Ser-217 and Ser-221) h 
much lower than those phosphorylated by MAPK CThr-291 and Tiir-3S5).^ 7 
We therefore recotniaead that Raf be measured by the activation, and not 
by the phosphorylation,, of MAPKK. Jf Raf is measured by the pbosphoryia- 
tion of M APKK; it is essential to validate the assay by checking that phos- 
phorylation has actually occurred at Ser-217 and Ser-221 and not at other 
residues, and/or by shoeing that: a MAPKK in which Ser-217 and Ser-221. 
are mutated to alanine is not phosphorylated under these conditions. 



Expression of GST-M1APK' in Escherichia coli 

A full-length murine cDN A encoding the p42 tsoform of MAPK* 5 was 
suhcloned into the BamHt site of pGEX*2T plasmid™' to create a fusion 
protein with GST at the M terminus and p42 MAP It at the C terminus 
separated by a linker region containing a cleavage site for thrombin. This 
construct was transformed into Escherichia coil strain BL21 D.E3 (pLys $)*^ 

Lnrge-Scatc Purification of Bactermily Expressed GST**~p42. MAPK 

Bacteria expressing the GST-p42 M A PK fusion protein are grown at 
3/ c in a 25-liter fen neuter until the ateorhance at 600 nm is 0.6. The 
temperamre of the culture is then reduced to 25° and isopropyh/J-D-thiopyr- 
anoside added to 3D aM. IT^e bacteria are grown for a further 20 hr before 
centrifugation for 1.0 min at 4000 g. The bade rial pellet h resuspend&d at 
<T in 300 nil of buffer A containing 2 mM EOT A. 2 mM EGTA, 1% (by 
mass) Triton X- 1 00. and 0.25 Af NaCL ustnti a hand honiogenteer. and 
frozen by immersion in liquid nitrogen in 50-m.l Falcon (GxnaixL CA) tubes. 
. After 5 min. the samples are thawed by immersion in cold water and 50- 
ml portions are sonicated for 4 min on ice, ensuring that the temperature 

* T V, Suite. N. Gome*, " D - G- Campbell, A. Atffawrtli, C J. Marshall* an*J P. O&hfcn, FE8S 

%il D. Siufcoe. D, G. Campbell S, Na&ielitv, H. Hjtlufca* S. J. Usevers, C MarstlrtllL asiti 1*. 

Cohen, EM HO A II, 39BS (19*2). 
19 P. S, Sm.ii.ti add K« $,. Johnson Gene 67. 51 (19SS>. 
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of the iysate remains below The suspension is centrifuged for 30 min 
at 2S,0Q0 g and the supernatant decanted and mixed at 4 Q with SO ml of 
glutaiMone-Sepharose equilibrated in buffer A plus 0.03% (by mass) Brij 
35. After mixing end over end for 30 imn t the suspension is centrifuged 
for 5 mm at 4000 g t the supernatant is -discarded, and the resin washed 
repeal ted I y with 400 ml. of buffer A containing 0.03% (by mass) Brij 35 and 
0.125 M NaQ until the absorbance at 280 nm of the supernatant decreases 
to <QJ35, The G ST-MA PK is then ehned from the resin at ambient temper- 
ature with three 80-rn.l portions of buffer A containing 0*03% (by mass) 
Brij 35 and freshly prepared 2D mM glutathione, pH. 8.0. The eluate is 
dialyzed against buffer C, and then against buffer C contain i ng 50% (v/v) 
glycerol and 0.15 M Mad, and stored in aliquots at ~2CT.The GST-MAPK 
is about 80% pure as judged by SDS-polyacrylainide gel electrophoresis 
and 600 mg is ■obtained from a 254iter culture, sufficient for > A 00,000 assays 
MAPKK or Rat The enzyme is stable for at least 1 year. 

'Expression of GST-MAPKK) -H6 in Escherichia coli 

A full -length cDN A encoding rabbit MAPKKI" 1 was expressed in B, 
coli as a GST fusion protein as follows: The 5* end of the cDNA wm 
generated by PCR so that a BamBl site was present 16 bp in front of the 
ATG cbddn. The fuiMength eDNA was ttien ligated into /WjHI- and 
EcoRJ-cut pGEX3X, Hi is construct produces a fusion protein having the 
amino acids GIPRSA between the factor X cleavage site encoded by 
pGEX3X and the initiating methionine of MAPKKL Six histidinc residues 
were also introduced at the C terminus of the GST-MAP KK1 fusion pro- 
tein and this GST-MAPKKI-H6 construct wa$ transformed into the bacte- 
rial strain BL21/D"ES(pLysS) t digested to completion with EcoRL and then 
partially digested with EagL which cuts 330 and 10 bp before the termination 
codon, After gel purification, the longer fragment was lighted to annealed 
oligonucleotides encoding the three C-teiminal amino acids of MAPKKL 
the six histkline residues, and a termination codon followed by an Ee&Kl 
site. 

Large Scale Purification, of Bacterially Expressed GST~MAPKKl~116 

Bacteria expressing the GST-MAPKK1 -H6 are grown in a 25-liier 
fermemer. induced, and purified on glntathione-Sepharosc as described for 
MAPK. After dialysis against buffer C, tlie GST-MA PKKTB6 is concen- 
trated to 50 ml by ultrafiltration through an Amicon 30 membrane (Amtcon. 

n A. Ashwcmh, $. NaHdoy, P. Cobea, nxd C J. Marshall Oncogene 7. 2555 C19S2). 
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Danvers. MA), then aliquois are snap frozen in liquid nitrogen and stored 
a*. —SO*, The GST— MAPKK 1. ~H6 is stable for at: least J year and can be 
freeze-thawed at least five limes without any loss of activity. The prepare* 
lions are about 80% pure as judged by SDS-polyacrylamide gel electropho- 
resis and are used lor the assay of .Raf described above. About 200 nig of 
GST-MAPKK1.-H6 is obtained. from a 25-iiter culture, an amount sufficient 
for 700,000 Rat assays. 

The six histkime residues at the C terminus of GST- M A PKX1 - H.6 were 
originally added to permit the affinity purification of the enzyme on nickel 
nitrilotriaceiate agarose, as well as glmathione-Sepharose. Tins is essential 
to obtain a nearly homogeneous preparation if induction is carried out at 
3T, because mOSl of Che polypeptides appear to terminate prematurely 
and little full-length protein is synthesized. 3 However, it has been found 
subsequently that this problem does not occur at 25*. the yield of full- 
length "GST-MAPKKI-H6 is increased. 100-fold, and the second affinity 
chromatography is unnecessary. 



(30] Assay of MEK Kinases 
By Carol A. Lange-Cartiek and Gary L. Johnson 

Introduction 

Mito^en-acliv;H;ed protein kinases (MAPKs) are rapidly activated in 
response to stimulation of a variety of diverse receptor types including G 
protem-coupled serpentine receptors and growth factor receptor tyrosine 
kinases. MAPKS are positively regulated by phosphorylation on tyrosine 
and threonine by dual-specificity MAP/HRK kinases (MEKsV of which 
at least three have been cloned?- 4 MEK kinase (MEKK) is a serine/ 
threonine protein kinase that can phosphoiyl&te and activate MEK.-1 inde- 
pendently of Raf family kinases (RaM and B~Raf) ? the only other known 
direct activators of MEK-L S: Raf-i and MEKK phosphorylate similar sites 
On MEK- 1, hi vitro and these sites are phosphorylated in vivo following 

; R. J. Davis, /. &foL Chmi. Z(h\ nm (3933), 

2 G. M devss, A. Aiessantlmii, nnd R, L. £rick*oa» Sawux 258* {i£92}. 

3 J. Wu ; J. KL Harri&an. P. Denu K. R. Lynch, M. I. Weber, and T. \V. $sux£i£l, Moi. Ce& 
BtoL \X 4539 (1993). 

4 M. J, Russell. C A. Usa*s-Cartat r tsad G. L. Jatinsoo, anpsibii^ted dais (1994). . 
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raf Oncogenes in Carcinogenesis 

Stephen M. Storm, Ulrich Brennscheidt, Gunamani 
Sitnanandam, and Ulf R Rapp 

ABSTRACT 

There are three active raf genes in man and at least two in 
Xenopus and Drosophila. The mammalian c- and A-raf genes 
have 16 coding exons, which span 40 and 20 kb, respectively. 
B-raf is larger and extends over >46 kb. Human c-ra/-l maps 
to chromosome 3p25 and A-raf-l to Xp21. c-raf-1 RNA is 
present in many tissues, while A-raf and B-raf expression is 
restricted. A- and c-raf encode cytoplasmic serfthr protein kin- 
ases of 68 and 74 kDa, which contain three conserved regions 
(CR). CR1 and 2 are in the amino terminal half, CR1 comprises 
the presumed ligand binding site, and CR3 represents the car- 
boxy terminal kinase domain. All three genes can be artificially 
activated by deletions, provided CR3 is preserved. However, 
only c-raf-l occurs naturally in truncated versions, such as v- 
raf and v-mil in the acutely transforming retroviruses 3611- 
MSV and MH2. raf transformation can also be affected by 
point mutation, suggesting that this mechanism may activate 
c-raf-l as an oncogene in carcinogenesis. 

Key Words: raf genes, raf transformation, Raf-l, A-raf t B-raf 
and tumorigenicity studies. 

I. INTRODUCTION 

raf proto-oncogenes encode cytoplasmic serine/threonine 
specific kinases, which function in mitogen signal transduction 
from the plasma membrane to the nucleus. 1 * 2 There are three 
known active members in the raf family of proto-oncogenes, 
Raf-\ (formerly c-raf-l), A-raf, and B-raf Raf-l was first 
identified as the cellular homolog of v-ra/, 3 the transforming 
gene of 3611 MSV isolated from retroviral transduction ex- 
periments. 4 Subsequent screening of cDNA libraries at reduced 
stringency resulted in the isolation of A-raf 5 * The most re- 
cently identified member, B-raf, was discovered as a trans- 
forming gene in NIH 3T3 cell transfection assays of human 
Ewing sarcoma DNA. 7 Amino acid comparisons of raf family 
genes reveal three conserved regions [CR1, CR2, CR3]; 8-10 
CR1 is a putative regulatory region surrounding a Cys finger 
consensus sequence, CR2 is comprised of a serine and thre- 
onine rich region, and CR3 represents the kinase domain. The 
deduced amino acid homologies of these three regions are 
shown in Table 1. Raf-l has been mapped to chromosome 
3p25 in humans, 11 a region frequently altered in small cell lung 
carcinoma (SCLC), 12 - 13 familial renal cell carcinoma, 14 - 15 mixed 
parotid gland tumors, 16 and ovarian cancer. 17 A-raf has been 
localized to the X chromosome between p21 and ql l. 5 Pseu- 
dogenes Raf-2 (formerly c-rof-2) and A-rqf-2 have been iden- 
tified at chromosomal positions 4pter (11) and 7pll.4-7q21, 
respectively. 5 

The raf oncogene family shows a high degree of evolutionary 



Table 1 

Amino Acid Homologies between Conserved Regions of 
Human A-raf, B-raf, and 



CRl 

A-raf vs. B-raf: 
A-raf vs. Raf-\ 
B-raf vs. Raf-l 



CR2 

71.1% A-raf vs. B-raf 61.5% 

68.9% A-raf vs. Raf-l : 100% 

64.4% B-raf vs. Raf-\: 61.5% 



CR3 

A-raf vs. B-raf. 75.7% 

A-raf vs. Raf-l: 78.0% 

B-raf vs. Raf-l: 79.1% 



conservation. The nucleic acid and amino acid homologies 
between human and the mouse, rat, chicken, fruitfly (Droso- 
phila), and toad {Xenopus) raf genes are shown in Table 2. A 
wide variety of mouse tissues have been examined via Northern 
analysis for steady-state message levels of the three active raf 
genes , and quite different patterns of expression were found. 18 
Raf-l was detected in every tissue or cell line tested, with 
highest RNA levels found in striated muscle, cerebellum, and 
fetal brain. A-raf was more restricted in its expression and 
showed greater variation among tissues. Highest levels of A- 
raf were seen in tissues of the urogenital system, including 
epididymis, seminal vesicle, ovary, kidney, and urinary blad- 
der. B-raf expression was confined to fewer tissues than either 
c- or A-raf with high message levels being observed in cer- 
ebrum and fetal brain. In addition to 10 and 13 kb transcripts 
found wherever B-rafis expressed, a B-raf probe also detects 
alternate sized RNAs in testes, placenta, and fetal membranes. 
It is interesting to note that transcripts from all .three genes 
were found in each fetal tissue examined. 

Table 2 

Overall Homologies between 
Human /?af-1 And raf Genes of 
Other Species 

Percent homology (%) 



Rat Raf-l 
Mouse Raf-l 
Chicken c.-mr7 
Xenopus raf 
Drosophila raf 



Nucleotide 

87.7 
87.6 
81.6 
75.7 
67.9 



Amino acid 

99.2 
98.8 
96.6 
92.6 
50.4 



Tumorigenicity studies in mice as well, as transformation in 
cell culture have been carried out with retroviral constructs con- 
taining truncation and/or mutation-activated raf genes. 4, 19 - 20 - 23 
Tumors arose most frequently in the hematopoetic lineages 
followed by pancreatic epithelium and connective tissues. 



U. R. Rapp (corresponding author), B.S., M.D., S. M. Storm, 
B.S. , G. Sithanandam, Laboratory of Viral Carcinogenesis, Rm. 21- 
75/Bldg. 560, National Cancer Institute, Frederick, MD 21701-1013. 
U. Brennscheidt, Medizin. Univ. Klinik., Frieburg, West Germany. 
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II. ROLE OF RAF ONCOGENES IN HUMAN 
TUMORS 

A. Normal and Malignant Hematopoetic Cells 

It has been shown that a recombinant retrovirus carrying the 
viral homologs of Raf- 1 and c-myc can immortalize murine 
macrophages, B lineage, and erythroid lineage cells from bone 
marrow or fetal liver and the same retrovirus is capable of 
causing hematopoetic neoplasms, fibrosarcomas, and dysplasia 
of the pancreatic epithelium in NFS/n mice. 19 - 21 - 24 Expression 
of Raf- 1 was studied in normal human bone marrow and in 
various hematopoetic malignancies. Raf-l levels did not differ 
in the normal human bone marrow when compared with pri- 
mary blood samples obtained from patients with various leu- 
kemias (including AML, AMMolL, ALL, CML). 25 Neither 
are steady state levels of Raf-l mRNA altered in the human 
promyelocyte cell line HL-60 by differentiation, proliferation, 
or inhibition of protein synthesis. In the same study, other 
human hemopoetic cell lines revealed Raf-l transcription: U937 
monocytic leukemia, KG-1 myeloid leukemia, and Burkittcell 
lines. Raf-l is also expressed in normal human peripheral gran- 
ulocytes, monocytes, and macrophages. 26 A cytogenetic study 
reported 1 case of a translocation (3; 14) (p25;qll) among 8 
patients suffering from acute type adult T cell leukemia/lym- 
phorna caused by HTLV-1. 27 The breakpoint at 3p25 raised 
the question of Raf-l involvement in this case, but molecular 
data from this patient were not shown. A previous study by 
the same group found trisomy 3 to be the most common chro- 
mosome abnormality in these patients. 

The influence of interferon-alpha on the expression of sev- 
eral oncogenes in primary cells of CLL was examined using 
slot blot hybidization technique. No change in the baseline 
expression level of c-raf was found upon stimulation with in- 
terferon-alpha. 28 

B. Carcinomas and Solid Tumors 

DNA from a human glioblastoma cell line has been used to 
transform NIH 3T3 cells. The transforming DNA was found 
to consist of three parts, containing the coding regions of exons 
8 to 17 of the human Raf-l, an unidentified 5' end, as well as 
a 3' end derived from human DNA sequence and generating 
abnormal transcripts and a specific protein of 44 kDa. The 
DNA rearrangement was not detectable in the original glio- 
blastoma cell line, suggesting that the rearrangement occurred 
during transfection. 29 ' 30 Analysis of the 5' region of the trans- 
forming sequence revealed sequences derived from the ltpo- 
cortin II gene coding for the first 16 amino- terminal amino 
acid residues in the lipocortin-ra/ fusion protein. 31 The same 
group, found a large transforming gene in a NIH 3T3 cell 
transformation assay using DNA from a human Ewing sarcoma 
cell line. Sequence analysis of this gene uncovered a region 
highly homologous to but distinct from Raf-l and A-raf and 
was therefore named B-raf. As is the case for the other raf 



family oncogenes, B-raf appeared to be activated by amino 
° terminal truncation/fusion that thereby consitutively activates 
its kinase function. 7 In a similar transforming assay of a human 
primary stomach cancer, a 5' truncated Raf-l DNA was shown 
to be the basis for transforming activity. 32 Closer analysis re- 
vealed that the transforrning DNA encompasses an unknown 
DNA segment spanning the first 18 kb, fused to Raf-l sequence 
from exon 6 to 17, and 1 .7 kb of unknown DNA at the 3' end, 
Transformation could be achieved by using a subclone that 
contained just the Raf-l portion of this fusion gene. However, 
cotransfection with other subclones increased the transforma- 
tion efficiency. The origin and nature of the 5' part of this 
transforming gene remains unclear except that it encodes a 
very hydrophobic polypeptide. 33 

A NIH 3T3 transfection assay using DNA from a cell line' 
established from a radioresistant human larynx carcinoma led 
to isolation of a 5' truncated human Raf-l gene. Restriction 
analysis indicated that the truncation occurred somewhere near 
exon 10. Again, the DNA subclones comprising the Raf-l 
portion of the transforrning gene were shown to be sufficient 
for transformation. The karyotypes of the larynx carcinoma 
cell line showed the absence of a normal autosome 3. Double 
minutes were found in one karyotype of the transformed NIH 
3T3 cell lines, and it has been suggested that they might rep- 
resent amplified copies of Raf-l. 34 Since no genetic changes 
in Raf-l were detected in the primary cell lines, it is unclear 
whether raf was involved with the initial transformation of 
these cells. The fact that the tumorigenicity of this cell line in 
nude mice was decreased when the cells contained an antisense 
Raf-l expression vector may reflect a requirement for Raf-l in 
cell maintenance and or division, if presence of Raf-l antisense 
transcripts^was related to the decrease in tumorigenicity at all. 
An additional point is that the relative radiation resistance of 
the original human cell line was reduced in the cells transfected 
with, the antisense construct. 35 Whether Raf-l directly or in- 
directly affects radiation resistance remains to be determined. 
: If, in fact, this phenotype works through Raf-l activation, it 
would then follow that up-regulation of upstream activators of 
Raf-l should also generate the radiation-resistant phenotype. 
Recent experiments in our laboratory have shown Raf-l to be 
essential for proliferation of NIH 3T3 cells, and that expression 
of an antisense construct or a kinase negative mutant impairs 
Raf-l function and reverts the morphology of raf transformed 
cells (Kolch and Rapp, in preparation). In addition, high level 
expression of full-length Raf-l and PKC cooperate in trans- 
forming NIH 3T3 cells (Kolch and Rapp, unpublished), sug- 
gesting that in some tumors overexpression of normal Raf-\ 
may contribute to transformation. 

Li Fraumeni syndrome is a cancer family syndrome inherited 
in a dominant fashion, causing multiple neoplasms. Normal 
skin fibroblasts of a patient suffering from this syndrome were 
found to be unusually radioresistant. NIH 3T3 cells transfected 
with DNA from these (noncancerous) fibroblasts were found 
to cause tumors in nude mice, and Raf-l was found to be the 



2 



Volume 2, Issue 1 



transforming DNA. Since a v-raf probe rather than the full- 
length human Raf-l cDNA.probe was used, the extent of po- 
tential 5' truncation in this case could not be answered. 36 Un- 
fortunately, neither in the case of the stomach cancer nor in 
the latter study was the primary tumor material examined for 
the presence of a rearranged Raf-\ gene. 

In a study of 33 human tumor specimens by the NIH 3T3 
ceil transformation assay, Stanton and Cooper found activated 
(5' truncated) raf as the transforming gene in three of the six 
tumor DNAs that caused foci (with very low frequencies). 37 
The tumor DNAs that gave rise to the raf transformed fibro- 
blasts were from a breast carcinoma (BR2-215), a lung car- 
cinoid (CA1- 154), and a renal cell carcinoma (RC1138). In 
all three cases, the recombination occurred within 2. 1 kb either 
in exon 7 or in intron 7. However, none of the primary tumor 
DNAs showed a rearrangement of the Raf-l locus, and the 
efficiency of transformation increased dramatically when DNAs 
from primary transformants were used, indicating that the re- 
combination event happened during transfection. 

Since Raf-l has been mapped to chromosome 3(p25) it has 
been of particular interest to study the role it plays in tumors 
that show consistent or high frequency loss of 3p, such as 
SCLC, RCC, ovarian carcinoma, and mixed parotid gland tu- 
mors. To further elucidate the potential role of the Raf-l on- 
cogene in lung cancer, RJFLPs were used from the region of 
Raf-l to screen several primary lung cancer samples as well 
as cell lines for allelic loss of Raf-l. Comparing 11 samples 
of small cell lung cancer to the corresponding normal tissue, 
a consistent loss of chromosome 3p alleles was found by using 
the available RFLP probes (including Raf-l, erbA-2, and 2 
probes detecting anonymous sequences). All informative cases 
(5) for Raf-l revealed loss of one allele. In addition, 73 human 
lung cancer cell lines were examined, and the frequency of 
"heterozygosity compared with the normal heterozygosity level 
for a particular RFLP. A highly significant loss of one Raf-l 
allele was detected in all 42 SCLC cell lines. The 31 NSCLC 
cell lines were heterogeneous with respect to the Raf-l locus. 
These results demonstrate that one allele of Raf-l is consistently 
lost in SCLC. The allelic loss is the result of a deletion of 
chromosome 3p in SCLC extending niinimally to 3p25. Whether 
Raf- 1 can act as a recessive oncogene in this tumor is under 
scrutiny. In an earlier study, normal sized Raf-l was shown 
to be expressed in all cell lines of human lung cancers tested, 
albeit at different degrees. Approximately 60% showed very 
high levels of Raf-l message, and these levels correlate well 
with the amount of Raf-l protein detected by Western blot- 
ting. 38 Moreover, the intrinsic serine/threonine specific protein 
kinase activity of Raf-l was found to be constitutively activated 
as judged from immune-complex kinase assays. Whether the 
observed activation is a consequence of mutations in the Raf- 
1 gene or results from the presence of other. activated oncogenes 
that work through Raf-l remains to be determined. 

Given the results from in vitro mutagenesis work with RAF- 
1 cDNAs, which demonstrated mutational activation of full- 



length RAF-l cDNA, 2 * 10 it is now important to use RNAse 
protection assays 39,40 to examine a variety of human tumors 
and tumor-derived cell lines for small genetic alterations (or 
point mutations) that may activate Raf-l. The sensitivity of 
this approach allows us to detect single base mismatches in 
both mouse and human Raf- 1 messages (Figure 1), providing 
a valuable tool for screening large numbers of samples. En- 
couraging work along these lines was recently reported, 41 where 
point mutations were shown to oncogenically activate protein 
kinase C (PKC), another serine/threonine kinase that shares 
considerable structural homology with raf 42 

III. ROLE OF RAF ONCOGENES IN 
TUMORS OF OTHER SPECIES 

A variety of animal model systems have been used to help 
delineate roles for raf oncogenes in tumorigenesis. The fact 
that raf family genes exhibit a high degree of evolutionary 
conservation, with homologues being found in organisms as 
diverse as insects, birds, amphibians, and mammals, has en- 
abled the use of genetically well-defined species in the inves- 
tigation of ra/function(s). Drosophila melanogaster , with its 
considerable genetic and phenotypic data, has been utilized 
recently to study raf proto-oncogenes. 

Hybridizations with a kinase domain probe from \-raf re- 
sulted in the identification of two Drosophila homologs of 
mammalian raf, Draf-l, and Dra/-2. 43 DrafA was mapped to 
the X chromosome at position 2F5-6, and Draf-2 was localized 
to chromosome 2 position 43A2-5. Functionally, mutants 
homozygous for a defective Draf-l die as third instar larvae 
due to abnormalities in continually proliferating cells. 44 There- 
fore, while required for proper larval development, embryonic 
Draf-l does not appear necessary for early viability, which 
may be accounted for by the presence of maternal transcripts. 
This is supported by the fact that during embryogenesis mes- 
sage levels are highest during the early stages and drop to low 
steady-state levels, similar to the observation that jrc-related 
proto-oncogenes are present in high levels as maternal tran- 
scripts. 45 In addition, Draf-l minus oocytes fertilized with wild- 
type sperm never hatched, indicating a need for maternal Draf- 
l . These eggs exhibit a phenotype similar to those with l( l)pole 
hole mutations, and recent work demonstrates that indeed Draf- 
1 and l(l)pole hole are identical and operate downstream of a 
tyrosine kinase receptor, torso. 46 These mutants lack structures 
posterior to the seventh abdominal segment, do not develop 
the labrum, and have a reduced head skeleton, indicating that 
raf may function in the development of these structures. A 
recent report 47 demonstrates that Draf-l is required for correct 
torso function. A torso gain-of-function phenotype in which 
the terminal anlagen differentiate, but abdominal and thoracic 
structures are missing was shown to be suppressed by lack of 
Draf-l. This observation indicates that Draf-l operates down^ 
stream of torso, consistent with the previous Draf-l studies 
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FIGURE 1. RNAse protection assay of human tumor cell lines (A) using a RAF-l antisense probe containing a 
single point mutation. The twin bands present in each lane demonstrate the ability to delect single base mismatches' 
in RAF-l transcripts using this technique. Part B shows the same method with a wild-type antisense mouse RAF- 1 
probe. Target RNAs are from 3611MSV infected NIH3T3 cells and normal NFS/AKR liver. This wild-type probe 
also detects single base mismatches as evidenced by the multiple bands present in the 361 1 lane, which correspond 
to single base differences between mouse RAF-l and v-raf. There is no probe digestion when hybridized to normal 
mouse mRNA. 



and with mammalian Raf-\ functioning downstream of tyrosine 
kinase receptors. * 8,49 - 74 * 76 Thus, at least in the Drosophila sys- 
tem, raf has been shown to be required for signal transduction 
from a tyrosine kinase class receptor that normally orchestrates 
development in several distinct pathways. It will be interesting 
to test whether introduction of activated versions of Draf-l in 
Drosophila will initiate development of tumors in this species. 

In the rat, Raf-l is normally expressed as a 73 kDa protein 
comprised of 648 amino acids with 1 1 divergent from human 
Raf-l. 50 Rat A-raf shows a 59.4% homology with rat Raf-l, 
has a predicted size of 604 amino acids, and a molecular weight 
of 67.5 kDa. 51 Raf-\ is located on rat chromosome 4, 52 and 
chromosome 4 aberrancies have been observed regularly in 
chemically induced gliomas and schwannomas 53 - 54 and in glial 
cells transformed with MSV. 55 Chromosome 4 also shows con- 
siderable banding homology to mouse chromosome 6 (location 
of murine Raf-\) y indicating linkage group conservation. 56 

Rat Raf- 1 was first identified in an oncogenic version through 
NIH 3T3 cell transfection assays using rat hepatocellular car- 
cinoma DNA, wherein oncogenic activity was acquired during 
the transfection procedure. 50 In this case, Raf- 1 appears to have 
gained its transfection ability through loss of the first 7 exons 
and recombination with chromosome 13 sequence, resulting in 



a novel fusion protein. When coupled to the RSV LTR the 
rearranged cDNA, but apparently not normal Raf-l cDNA, 
was capable of transforming fibroblasts. While this study did 
not control for expression of Raf-l protein in cells transfected 
with normal vs. rearranged cDNA constructs, independent work 
with human Raf A cDNA established that up to 10-fold over- 
expression of normal Raf-l did not overtly transform NTH 3T3 
cells, whereas 5' truncated or specifically mutated versions 
did. 10 - 37 The sequence juxtaposed to the 5' end is likely to be 
the rat homolog of tpr (translocated promoter region), 57 since 
it shows a 90.1% homology to human tpr at the amino acid 
level. 58 tpr has also been shown to recombine with met in a 
similar fashion, resulting in an oncogenically active prod- 
uct. 37 - 59 The contribution of this upstream sequence on the 
transforming ability of the truncated Raf-l remains to be 
determined. 

In normal liver Raf-l RNA levels increase approximately 
fourfold 20 h following a partial hepatectomy and this increase 
in message coincides with peak DNA synthesis. 60 Diethylni- 
trosamine-induced rat liver tumors promoted with phenobar- 
bitol exhibited elevated levels of Raf-l message in approximately 
85% of either neoplastic nodules or hepatocellular carcino- 
mas. 61 However, in these tumors raf expression did not cor- 
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relate with histone H4 expression, nor did Raf-l expression 
relate to the malignancy of the tumors tested. This indicates 
that in these tumors raf overexpression is not simply a product 
of or required for increased DN A synthesis or cell proliferation 
and suggests that raf may be playing another role in these 
rumors. Induction of raf expression appears to be specific for 
Raf-l as levels of A-raf were not altered. 

The coding sequence and chromosomal location have been 
determined in the mouse for both A-raf and R af- 1. Raf-l maps 
to chromosome 6 (which shares many similarities with rat 
chromosome 4, see above) 62 and its 3.2 kb message encodes 
a 72 kDa serine/threonine protein kinase. A-raf is located on 
the X chromosome, 63 as in rat and human, and a 68 kDa protein 
is generated from its 2.6 kb message. 

The oncogenically active v-raf y derived from mouse Raf-l, 
is capable of transforrning a variety of cell lines in vitro and 
inducing a defined spectrum of tumors in vivo. Newborn mice 
inoculated intraperitoneally with the v-raf expressing 3611 MSV 
develop flbrosarcomes, erythroblastosis, and occasionally 
erythroleukemia. 19 ' 64 Of inoculated animals, 100% develop one 
or more of these malignancies with a latency period of 4 to 8 
weeks. The first detectable lesions in these mice are clusters 
of malignant fibroblasts on the diaphragm, which metastasize 
throughout the peritoneal cavity and invade the spleen. In ad- 
dition to the above-mentioned tumors, histological examination 
of these animals revealed that 36 11 -MSV inoculation also re- 
sults in foci of pancreatic acinar cells, which are seen through- 
out the parenchyma. These tumors are detectable as soon as 
15 d following injection of 3611 MSV. Susceptibility to 3611 
MSV induced tumorigenesis is highest for newborns and rap- 
idly decreases as mice become weanlings. It has been dem- 
onstrated that this resistance of older mice to 361 1-MSV-induced 
erythroleukemias is controlled by a different genetic locus or 
loci than is responsible for resistance to raff my c-ind\xced lym- 
phomas. 65 Additionally, chickens infected with either the v- 
myc expressing MC29 or MH2 that expresses v-myc and the 
avian homolog of v-raf, v-mil, develop pancreatic carcinomas. 66 

Truncation-activated A-raf and Raf A have also been tested 
for their ability to induce murine tumors in vivo*- 67 In these 
experiments, a 5' truncated version of either human Raf-l, 
human A-raf, or murine A-raf was fused in frame to a 3' deleted 
v-raf m the viral backbone of 361 1 MSV. The tumors generated 
by these viruses were analogous to those produced by v-raf, 
indicating that homologous sequences of either A-raf or Raf- 
1 can substitute for v-raf in in vivo transformation and dem- 
onstrates that point mutation differences between v-raf and 
truncated Raf-l are not necessary for oncogenic activity. How- 
ever, viruses expressing full-length c- or A-raf are non-tu- 
rnorigenic, showing that overexpression of the wild-type protein 
is insufficient for transformation. On the other hand, site-spe- 
cific alterations have been shown to activate Raf-l as a trans- 
forming gene. 38 These experiments were performed by 
producing linker insertion mutations in CR2 of Raf-l with the 
resulting construct capable of transforming fibroblasts in vitro. 



This information is important in assessing whether or not raf 
may be oncogenically active in a particular tumor as the pres- 
ence of only normal-sized transcript and protein does not nec- 
essarily indicate a lack of transforming raf, since these mutant 
products are of a wild-type size. As mentioned above for human 
tumors, the status of raf in murine rumors is currently being 
examined through RNAse protection experiments. 

IV. DISCUSSION 

Structure- function analysis of human Raf-l and A-raf in this 
laboratory 2 - 6 - 8,10 and by others, 29,31 * 33,37 as well as the observed 
analogy of raf kinase to protein kinase C 42,68 has led us to 
propose the following working hypothesis for activity regu- 
lation of raf protein. Wild-type raf consists of an amino ter- 
minal regulatory domain and a carboxy terrninal catalytic 
domain. Upon ligand binding or specific phosphorylation the 
catalytic region becomes accessible to substrates via a confor- 
mational change in the protein. Oncogenic effects of raf seem 
to result from constitutive activation of kinase activity. This 
may be achieved either by amino terminal truncation (removal 
of the regulatory domain) with or without fusion to another 
sequence, or by specific mutations that alter the conformation 
of the protein or by steric distortion of the raf protein due to 
N-terminal fusion of intact raf with another protein. 

Evidence for transient, phosphorylation-mediated activation 
of Raf-l by a variety of mitogens comes from experiments that 
showed Raf-l kinase stimulation by the PKC activator TP A, 
growth factors for transmembrane tyrosine kinase receptors, 
transformation of cells by tyrosine kinase oncogenes or by raf 
oncogenes. 48 At least two independent mechanisms exist for 
raf recruitment: one involving PKC and another that may de- 
pend on binding of Raf-l protein to activated receptor tyrosine 
kinases 48,49 or direct tyrosine phosphorylation in the case of 
receptors coupling to intracellular non-receptor tyrosine kin- 
ases. 74-76 Whether this binding interaction is in itself sufficient 
for Raf-l activation by alteration of Raf-l protein conformation 
or depends on receptor- mediated activation of other events such 
as generation of activating ligands from stimulated lipid turn- 
over, for example, remains to be established. These results are 
in agreement with Draf-l functioning downstream of the ty- 
rosine kinase receptor torso in Drosophila. Moreover, upon 
activation by either PDGF or TPA, Raf-l migrates from a 
diffuse cytoplasmic localization to the perinuclear space and 
the nucleus. 2 raf substrates have not been identified to date; 
however, it was demonstrated that Raf-l can activate PEA-3/ 
AP-1 dependent transcription. 69,70 Whether this is a direct effect 
of raf or is mediated by other components is unknown. The 
above data strongly suggest that raf normally functions in trans- 
ducing mitogenic signals from the cell surface to the nucleus. 

There are limited data concerning the involvement of raf 
family genes in primary rumors. Wherever an activated raf 
gene has been isolated from primary tumor DNA it appears to 
have been altered as a result of transfection, because no altered 
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ra/gene has been found in the original tumor DNA. Moreover, 
transfection of DNA isolated from normal tissue has yielded 
truncation-activated raf Some authors argue that raf may be 
present in an activated form in a subpopulation of cells in these 
tumors, although this possibility has never been thoroughly 
examined. 

The fact that rearrangements or deletions consistently occur 
within the same limited region of Raf A (around intron 7) in 
both human and rat indicates that this region may be particularly 
susceptible to breakage with subsequent activation of raf. Fur- 
ther data are needed on the level of primary tumors in order 
to evaluate the presence of various forms of activated raf genes, 
i.e., truncations and point mutations in vivo. 

In some human lung cancer cell lines there is increased Raf- 
1 kinase activity (see above). Whether the increased kinase 
activity in these tumor cell lines is due to upstream effects in 
the signaling pathway, loss of negative regulators of raf activ- 
ity, or due to structural changes of the Raf-l protein caused 
by mutations on the DNA level is under investigation. The 
heterogeneity for the loss of a Raf- 1 allele in NSCLC is con- 
sistent with data obtained by others that demonstrated an in- 
frequent loss of 3p sequences in NSCLC. 71 Further work has 
to address the question whether the loss of Raf-\ alleles in a 
subgroup of NSCLC has clinical implications. 

In addition to human lung carcinomas, 3p deletions have 
been observed in human renal cell carcinomas 14 - 15 and tumor 
tissue from patients suffering from von Hippel Lindau dis- 
ease. 72 RFLP analysis of the Raf-\ locus showed allelic loss 
in all informative cases of von Hippel Lindau disease and 
sporadic renal cell carcinoma examined. 77 Whether the retained 
Raf-l allele is oncogenically activated in these cases has not 
yet been determined. 

raf genes may also have clinically important roles apart from 
direct involvement in tumorigenesis. Transformation of rat liver 
epithelial cells with v-raf or v-H-ras was able to confer mul- 
tidrug resistance and increase the expression of MDR-1 (P- 
glycoprotein) and glutathione-S-transf erase, 73 both of which 
are believed to be involved in the multidrug-resistant pheno- 
type. This suggests that raf may play a role in generation of 
resistance and could be exploited clinically. 
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Introduction 

C -nicer is a disease thai is caused predominantly by generic altera tion$- A 
critic:! ! group of genes involved in malignant transformations includes the so- 
called oncogenes. There are four categories of proiooncogenes from which 
oncogenic products can emerge: (1) peptide factors that act as 1iga»<l$ for cell 
surface receptors, (2) the receptors themselves. (3) i in m cellular signal trans- 
ducers, and (4) transcription factors. Mutations of oncogenes leading to cancer 
frequently cause constitutive activity of the gene products, This results in an 
unregulated and enhanced: transduction of niiiogenie signals from the cell 
membrane to the nucleus. 

Raf proteins belong to the tin* id category of proiooncogene products. "They 
are serine/threonine kinases that are now known to play a centra! role in 
mediating the mitog^nic response of cells to numerous growth factors and 
cytokines. Once a receptor is activated, by its extracellular ligand, the signal is 
transported via cytoplasmic kinase cascades to the nucleus where transcription 
of specific genes h induced through phosphorylation and activation of 
(transcription factors. Long-term cellular behavior like suppression of 
apoptosis, proliferation, and differentiation are regulated by those signaling 
events* Currently three distinct kinase cascades are known in vertebrates, but 
others may yet be found (Cano and M'ahadevan 1995). The hest-undemood 
and the only clearly growth *regmaX0ry cascade is the Ras/Raf/MBK/BRJC 
pathway (Fig. 1)- Cytokine receptors as well as receptor-protein tyrosine 
kinases (RPTKs) link to this pathway via activation of the Ras protein, a 
protoooeogene that i$ found aliened in more than 75% of colon cancers and 
about 30% of all human cancers (Xndo ei a! 1991; Bo hind 1993). Ras 
activation is achieved by translocation to the plasma membrane of the Grb-2/ 
Sos complex that: binds to an autophosphotylation she in the RPTK. itself, or 
to a substrate or docking protein phospborylated by a nonreceptor protein 
' tyrosine kinase. Juxtaposition- of Sos and Ras at the plasma membrane results 
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Fig. 1. Simplified model of R&Mepeadent signal irausduetkm. Raf is activated tipon 
siimukiiiou of a variety of receptors and, together with MBK. and ERIC, forms a. cy- 
toplasmic kinase cascade, HRKs act on a pane! of target that. finally regulate important 
cellular functions, vfrrwyr indicate direct or indirect activation, hiatked lines, inasiiva- 
tion 



in uxchange of GOP for GIT on Ras. Only the G TP-bound form of Rns is able 
to bind to an N -terminal sequence of Raf, termed the Ras-bindtng-dortiain 
(RED), thus recruiting Raf to the membrane, There, an as yet uncharact&ri:zed. 
event activates Raf, which subsequently phosphor)* fates and activates M..E1C,. 
which in turn phosphorylates and activates the MAF-kuiases ERK.J/ERK.2. hi 
contrast to Raf and MEK, both of which are able to recognize only one 
substrate, MAP-kinases can activate a pane! of target proteins as indicated in 
Fig. 1 (reviewed In Daum ct aL 199-1). 
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Raf and Cancer 

There are several lines of evidence that point in the role of Rat kinases in 
malignant transformation. Raf first came into view as pari of an acute trans- 
form? sit murine virus (Rapp et al 1983). Furthermore transforming versions 
of raf genes have been defected in fibroblast following tninsiccdon with. DMA 
from various tumor cells including primary human stomach cancer cells 
(Shimfeu et at 1985), a human glioblastoma cell line (Fukul et aL 1985), cells 
derived from renal and breast carcinoma and a lung carcinoid (Stanton and 
Cooper 1987) as well as chemically induced rat hepatocamnotna cells (Ishi- 
kawa et aL I9S5, 1.9S6* 1987). The oncogenic mutations detected were 5' de- 
letions of frraf-i requiting in N-tcrminally truncated or fused Raf protetas. 
However, the mutations could not be detected m the primary rumors and it 
appears that the oncogenic Raf versions were generated by DNA breakage 
during ixansfecuon (isiuk.awaet at. 1986, 1987; Stanton and Cooper 19S7L 

A function of Raf in tumor development was examined on the level of 
chromosomal aberrations and cellular expression, There are three functional 
mf genes known in vertebrates, called A-raf B-nif and c+raf-I. hi mice raf 
genes are differentially expressed in tissues such chat A-raf is present in 
urogenital tissues, It-rafts most abundant in cerebrum and testes, while oraf-1 
is ubiquitously found in all tissues (Storm et aL 1990: Wadewita: et aL 1993). 
Liule is. known about the functional consequences of tissue-specific Raf 
expression and extensive research is in progress to elucidate- isozyme- specific 
Raf effects. In humans as in mice the three functional raf genes are located on 
different; chromosomes, Human A-raf is located on chromosome X region 
pi 1.2, B*mfon 7q34, and orafl on 3p2S. The chromosomal region Xp l 1.2 is 
known to be altered in a variety of human diseases, e.g... Nome's disease, 
Wiskoct-Aidricli-syndromc-j and Cone dystrophy (Bl<xkcrAVa.gemaker$ et aL 
1983; K.wan et aL 19$S)~ However, no functional correlation? between these 
diseases arid alterations of the A-raf gene locus have been described so far. 
Alterations in 3p25 were observed in familiar renal, carcinomas, certain salivary 
gland tumors, and ovarian carcinomas (Rapp et aL 19S&). In small cell lung 
cancer ($CLC) r loss of heterozygosity wzs frequently found in chromosome 3p 
regions involving the c-rafl gene in 80% of analyzed tumor tissues. Along 
with this phenomenon Rai -1 appears to be consUtutively activated (SUha- 
nandam et al; 1989: Craziano et aL 1991). 

I n order to study c-raf-I as a. potential target in lung carcinogenesis we have 
designed a mouse tumor model for rapid induction of lung tumors. Tumors 
were induced by in uiero exposure of Fi mice from NFS x AKR ma tings, to L 
ethyl- 1 -nitrosourea (END) on day 16 of gestation. This strain combination was 
expected io be particularly susceptible to induction af lung tumors and 
lymphomas based on earlier work by Diwan and Meier (1974). Tumor 
promotion was achieved by treating weanling mice with, weekly intra peritoneal 
injections of the antioxidant butykixed hydros yloluene BHT which lias been 
shown io cause lung lesions and hyperplasia in mice (Witseha and Saheb 3974). 
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in this system nearly 100% of the ofl spring developed lung adenocarcinomas 
and 70% additionally developed T-celi lymphoma?;. When tumors were 
examined for altered expression or structure of tumor-assocuued genes it wa^ 
found thai one allele of e*raf*I was consistently mutated in all tumors, along 
with a. conspicuous lack of mutations of the R&f-aene&tor Jla-s. Furthermore, 
no mutations in the rumor-suppressor gene p5% which is known to he altered 
in many types of human cancers, could be detected (Midler and Nauuutnm 
unpublished data). The prevalent mutation in the raf gene was an exchange of 
serine to phenylalanine in position 533 of the kinase- subdomahi VIII. 
Additional mutations uho clustered in that region, whereas no other mutations 
could be detected throughout ihe rest of the Raf molecule. The consistently 
metaled region apparently forms the surface of the subsirate pocket (Fig. 2), 
This was suggested by computer modeling based on the available coordinates 
of protein kinase A. Al though the mutated allele of t-mf-1. was notconstitutively 
active, an increased activity of Raf after stimulation by coexprcssion with Ras 
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Fig.. 2. Clustering of imitations i.n Oie murine t-r<tf*l gene after l-c=thyhl*niCrosourea/ 
huiylaied hydroNVSOh.iene (BNU/BHT) treatment, Raf family proteins contain three 
conserved regions "named CRL CU2 t and C/?X The N-tenninat part of the Raf khmse 
contains regulatory elements* e.g.. the Has binding domain and a ?Jnc linger motif in 
CRL and regulatory phasplKsrykuoa shes m C.R2 (for derails sefc Damn ei ah 1994; 
Avrueh ci &L 1994), The carboxy terminal half of the molecule comprises CR3 S . the 
catalytic kinase domain. All of ihe idenufled mmauons cluster in a small area around 
the APB-site (conserved sequence- located in subdomain VIN), apparently as. ihe surface 
of the substraie pocket. Amino acid sequence is that of wt -murine e~mf~} wuh arrow 
indicating $uh$(.igiHioriS 
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and the nonreceptor tyrosine kinase Lck hr Insect cells could be demonstrated 
for the most common imitations (Storm et ah, in preparation). 

in addition to mutational activation of Raf, m level of expression may be a 
determinant of cellular u i a us forma don as suggested by cooperative transfor- 
mation experiments wish wild- type, ras a&d c-raj.l in NTH.3T3 fibroblasts 
(Cuadrado et aL 1993). Cooperation was only seen when overe&pressing, R:U 
together with oncogenic. i.,&, t constitutive!}* active. Ras expressed at low levels, 
or wi-Ras expressed at. high levels. Tfete indicates that Raf is ti.imii.ing for Ras- 
mediated trtmsformatictn under conditions where only few activated Ras 
molecules are present at the inner Face of the plasma membrane-, 

In our mouse mode] Northern and Western blot analysis revealed elevated 
levels of -c-raj-} mR'NA a$ well as Raf protein in all tumors compared to 
norma! tissue. Additionally, one member of ih&myc gene family (either c- t N-> 
or Zw«yc) was ovcrexpressed m each case. Also* of the fas genes at least one 
member (Ki- r //a-, or N-ra$) t and often more than one, was found to be 
expressed at elevated levels (Storm and Rapp 1993), A synergism between Raf- 
and Myc-dependent pathways in tumor development has already been 
described (Rapp ci. ah 19S6). Examination of the role of raj genes In human 
diseases m the future should include the search for point mutations. If 
clustering of such mutations were observed, similar to the finding in our mouse 
model, it might be possible to develop inhibitors; that can distinguish between, 
normal and oneo genie Raf kinase. 



Inhibitors of Riif Kinases 

Specific inhibitors are valuable tools for biochemical characierteuions of en- 
zymes. Them are many gaps in the understanding of the mechanisms of Raf 
kinase activation and of how activation is regulated, The use of sped 6c Raf 
inhibitors may elucidate still -unknown regulatory events, and the detection of 
putative Raf-5pecifi.c inhibitors might be an important step in the development 
of anticancer drugs. 

The U.S. National: Cancer Institute (NO) natural product database offers 
growth inhibitory data for approximately 21000 extracts predominantly 
derived from plants, and fungi that have been tested for anticancer activity in 
the NCI panel of human rumor cell lines. We tested eight of those extracts 
(natural products, MPs) -for their ability to inhihrt the growth of normal and 
Ras- or Raf transformed cell lines. The eight extracts were chosen because they 
had shown growth inhibitory patterns strongly correlating with those that had 
been obtained in preliminary experiments us hug aniisense Ki^ras oligonucleo- 
tides. This approach could principally detect, inhibitors of either Ras or 
downstream members, of a. Ras~dependeat signaling cascade. For the growth 
inhibitory studies we utilized normal NMH3T3 mouse fibroblasts* 3T3 cells 
transformed with c-Ha-ms under the transcriptional control of an SV40 
promoter,, and 3T3 cells transformed by a -mutant c-rqj] gene (lacking the 
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amine terminal 90 amino acids ofw( Raf~i) under the transcriptional control 
of a Rous sarcoma varus promoter. The Ra-ras- transformed 3T3 cells were 
round id be more sensitive to erowih inhibition by NTs thnn either wild-type gr 
mitta.nl e~rqf- 1 -ts^nsfawmd ceils (Housey et aL. submitted). Since R&f-i 
functions directly downstream -of Ras in mitogen- activated signal transduction, 
we performed in vitro kinase assays co test the ability of the NPs to inhibit 
activaied Raf~l -mediated phosphorylation and activation of'MBK.. For these 
experiments we utilized the Raf/MER/ERK coupled assay system which war 
described by Housey et al, (submitted). For comparison we included well- 
charaeier&ed specific m well as nonspecific protein -kinase inhibitors.: H7. 
tamoxifen, and stau.rosporme. At final concentrations of .10 to 1000 /ig/ml, 
seven of eight NPs exhibited substantia! inhibition of R a ^mediated 
phosphorylation of M.EK. (Tabic I), whereas H7, tamoxifen, and stanrosporme 
had no or only weak inhibitory effects at comparable concentrations. 

Future experiments will attempt so characterize precisely the nature of the 
inhibitory extracts and to learn about the mechanisms involved. First results 
point to an interference, wuh Ras/Raf binding in the case of two of the NTs 
(Housey et aL, submitted). 

Ruf- Deficient Mice 

The generation of Raf-deficient mice may provide a means of Studying the role 
of Raf kinases in development and cancer. To prevent the expression of a 
functional protein, an exon near the 5' end of the target gene is disrupted by 
insertion of a marker gene. In ease of c+rafii as well ns &-mfcxoii 2 was chosen 
to be int.erru.pied by a neomycine gene (L, Wajnowski and U JL Rapp. impub* 
lished data). Using standard techniques we were able to generate either c*raf~l 



Tabte I. Inhibition of Raf kinase activity by natural products 
(Homey et aL submitted) 





Organism 


I iili s bit io:i of 


Concentration 






Rammed In ted 








M EK 








phosphorylation 




i 


riant 


yes 


1 00 




Plant 


• yes 


100U 




Plant 


■ yes 


K) 


4 


Plant 


yes 


- (0 


S 


Lichen 


yes 


1000 


6 


Flam 


yes 
yes 


10 


•? 


Plant 


100 


S 


Fungus 


no 


1000 



NP, natural product. 
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or B-mf mmuvc >i:em cell lines and chimeric mice. Examination of these mice 
showed that the. size of' the animals is inversely correlated, with the grade of 
chimedsm. indicating a functional role of Raf kinases in embryonic envelop- 
ment ft. W:igno\vski and Rapp 1995), Further studies have to await, the 
production of homozygous knockout mice. As to the involvement of Raf ki- 
nases in carcinogenesis, it would be interesting 10 know 5f mice with Rnf-1- 
deficient lung tissue can be fared and what effect the deficiency nimbi have on 
lung tumor development after treatmem with ENU/BHT as described for our 
lung tumor model, 
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